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Abstract
The aimof this paper is to evaluate the suitability of land for barley in the Benghazi region in Northeast Libya. A land 
evaluation model was constructed using limiting factor method and application of GIS (Weighted Overlay Technique)
integrated with multi-criteria analysis (Analytical Hierarchy Process). How the results change when employing different 
approaches and analytical methods within the weighted overlay technique was explored, i.e., when the number of input 
layers is increased to 14 suitability layers and each land characteristic is considered as a map layer by itself, as proposed in 
this study, compared with previous studies where the resultant land suitability map was calculated from just three input 
layers suitability layer.CROSSTAB module was used to assess the agreement between the two land suitability maps. The
overall agreement was about 19%. The obtained results were compared with observed yield; this comparison showed that
the land suitability produced by model 2 was more accurate.
© 2013 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-Pacific
Chemical, Biological & Environmental Engineering Society
Keywords: Analytical Hierarchy Process (AHP),Weighted Overlay Technique(WOT).
1. Introduction
Determination of overall land suitability of an area for a particular agricultural crop will require
consideration of many criteria, Taple1. Each criterion can be represented by a separate map in terms of the
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degree of suitability for each land unit. Suitability analysis generally involves determining an appropriate 
approach to combine these factors. These criteria are not equally important and each criterion contributes in 
varying degrees toward the overall suitability [15],[
derived from spatial and non-spatial, qualitative and 
[7]. The principal problem of suitability analysis is to measure both the individual and cumulative effects of 
the different factors  [13].Some approaches use composite rating to combine factors, including weighted 
overlay (WOT) and weighted summation [13]. The methodology of land evaluation has changed as a result of 
the extensive use of GIS and multi-criteria methods in recent years, such as making use of AHP and Overlay 
analysis [8]. Overlay analysis is a tool for applying weights to many inputs that can then be combined into a 
single output map. One such method of overlay analysis that has been adopted and commonly used in land-
use suitability analysis is WOT [5], [12]. The WOT has been used in many land evaluation studies by authors 
such as Elaalem [9] in western Libya and Nwer [14] in northeast Libya, the same study area as this work. It is 
therefore interesting to show how the technique works, and explore how the results change when different 
approaches are employed within WOT, such as variation of the number of input layers and integration of the 
Analytical Hierarchy Process (AHP).  
2. Material and methods 
2.1. The study area 
The study area lies on the N  33° 
 ). This area was selected for two main reasons. Firstly, the necessary data were available, 
but more importantly, the study area lies within the regiontargeted to receive water from the southern aquifers 
by the Great Man-made River Project. 
Table 1. Land Characteristics and their threshold values (suitability rating). 
2.2. FAO (1976) framework 
The Food and Agricultural Organization (FAO) proposes an approach forland suitability evaluationin 
terms of suitability ratings from highly suitable to not suitable based on land characteristics [1]. A 
physicalland suitability evaluation for the study area based on the FAO framework was developed. A number 
of land characteristics for barley were selected and placed into three groups, namely: soil, slope and erosion. 
Land Characteristics Suitability Rating S1 (1) S2 (2) S3 (3) N (4) 
Soil depth (cm) > 80 80-50 50-30 <30 
Soil texture (class) Class 1 Class 2 Class 3 Class 4 
Available water holding capacity (mm/m) > 150 150-110 110-75 <75 
Infiltration rate (mm h-1) >12 12-8 8-6 <6 
Hydraulic Conductivity (mm h-1) >125 125-42 42-17 <17 
Organic matter (%) >1.5 1.5-1 1-0.5 <0.5 
Cation exchangecapacity (me/100g soil) >16 16-8 8-6 <6 
CaCO  in root zone (%) 0-20 20-30 30-50 > 40 
pH 7-6.5, 7-8 6.5-5.3,  8-8.3 5.3-5, 8.3-8.5 <5,  >8.5 
Gravel and Stones at surface (%) 0-3 3-9 9-20 >20 
Soil salinity (dS /m) 0-8 8-10 10-13 >13 
Soil Alkalinity.  (%) 0-15 15-25 25-50 >50 
Slope steepness.  (%) 0-2 2-4 4-8 >8 
Soil Erosion (class) Class 1 Class 2 Class 3 Class 4 
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However, the factors selected as basic parameters for physical land evaluation included twelve soil 
characteristics, in addition to slope steepness and soil erosion(Table 1).Suitability rating from 1 to 4 and the 
associated threshold values for each criterion were employed. 
2.3. Weighted overlay technique 
Although the concept of the WOTis simple, many steps are required during its application. The following 
is a summary of this procedure.Firstly, an evaluation scale needs to be selected. This may be 1 to 5, 1 to 9, or 
any other scale. For this research, 1 to 4 was chosen for all the factors becausethe suitability level (i.e. 
suitability value for each factor) wasdefined following the structure of FAO land suitability classification 
which uses four classes based requirements of the crop: Highly suitable-S1, moderately suitable-S2, 
Marginally suitable-S3 and Not suitable-N. Secondly, the cell values for each input raster arereclassified;for 
this research 4 is the most important (i.e. when the land characteristic is highly suitable-S1) and 1is the least 
important. Not suitable-N. Thirdly, each input raster is weighted, based on its importance to the model. 
Fourthly, the cell values of each input raster are multiplied by the raster's weights; for this research 14 input 
raster i.e. suitability layer where each factor (land characteristic) was represented as layer by itself. Finally, 
the resulting cell values are added together to produce the output raster. Because the output raster should be 
discrete, the value will typically be rounded to an integer [5]. 
2.4. Application of WOT and AHP method for land evaluation in Libya. 
Previous attempts have been made in the east of Libya by Nwer [14] and the west of Libya by Elaalem [9] 
to develop methods to produce land suitability maps for a number of cash crops. Both studies used the WOT; 
however, the difference was in terms of the method used to select the weighting of the factors. One of the 
ve equal weight to each factor. To overcome this limitation, Elaalem 
employed the AHP method to derive weights for the land characteristics. Elaalem derived weights for all 14 
land characteristics (LCs) at one time, where twelve LCs belong to soil (soil characteristics) and slope and 
erosion were each represented by one factor, for slope-slope steepness and erosion-soil erosion, through a 
Pair-wise Comparison Matrix (PCM). Once the weights had been derived, the weights of all land 
characteristics which belong to soil (i.e. Soil characteristics) were added together; this step was done to obtain 
the overall weight for the soil layer. These factors were integrated into the GIS environment as information 
layers and then overlaid to produce the overall land suitability. One of the main principles of AHP is to 
decompose the problem into a hierarchy of elements; thus each part or level of the hierarchy becomes 
important in determining the weight assigned to each element within that hierarchy [12], [15], [6]. However 
many studies have used the AHP, i.e., PCM for deriving weight only and did not take into account the 
hierarchical structure of the criteria [15]. In this study, the AHP method was chosen because it allows the 
many factors involved in land suitability. Consequently, local experts were asked to produce weights for each 
level in the hierarchy through PCM, beginning with the top level (Goal), which is land suitability, followed by 
a second level (Objective) which included soil, slope and erosion, where soil received the highest weight 
factor of0.778, and slope and erosion both received 0.111. The third level (Criteria) included Land 
Characteristics (14 LCs). At this stage the PCM was utilised to generate weights for the 12 LCs that belong 
only to soil, while slope and erosion were each represented by one factor; for slope it was slope steepness and 
for erosion it is-soil erosion and the same weight at the second level were assigned, as shown in Table 2. 
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Table 2. Weights for each level of the hierarchy derived using the AHP method 
Goal Objective Criteria W=W1×W2×W3 Level 1 Level 2 Level 3 
La
nd
 S
ui
ta
bi
lit
y 
 1
.0
0 
 
Slope 0.111 Slope steepness 1.00 Slope steepness _ weight 0.111 
Soil 0.778 
Depth 0.125 Depth_ weight 0.097 
Texture 0.071 Texture_ weight 0.056 
AWHC 0.123 AWHC_ weight 0.095 
Hyd_con 0.11 Hyd_con_ weight 0.086 
EC 0.068 EC_ weight 0.053 
ESP 0.047 ESP_ weight 0.036 
Infiltration rate 0.112 Infi_rate_ weight 0.087 
PH 0.115 PH_ weight 0.089 
CaCo3 0.085 CaCo3_ weight 0.066 
OM 0.054 OM_ weight 0.042 
CEC 0.047 CEC_ weight 0.037 
Stones 0.043 Stones_ weight 0.033 
Erosion 0.111 Soil Erosion 1.00 Soil Erosion _ weight 0.111 
 
2.5. The land evaluation models 
The structure of the first land evaluation model is shown in Fig 1. Soil, erosion hazard and slope are factors 
which are important for land suitability for the selected crops in the study area. The soil, erosion hazard and 
slope factors were integrated into the GIS environment as information layers and then overlaid to produce 
overall land suitability assessment for barley. The steps needed to apply both models are as follows: the 
suitability analysis of soil, slope and erosion was calculated in a spreadsheet model; LCs and their threshold 
values were organized then the formulated to set the 
limits between LCs' suitability classes for each land mapping units .All soil characteristics are then grouped to 
determine the overall soil suitability classes and then exported to a GIS database to create soil suitability 
classes as thematic map layers, in addition to two thematic map layers for slope and erosion. The second step 
uses the WOTto generate the final land suitability maps, once the three thematic map layers have been 
assessed and reclassified according to the evaluation scale of suitability between 1 and 4; the weights 
computed through PCM are multiplied with each map layer. The third step generates the land suitability maps. 
The second land evaluation model (Fig 2) is similar to the first model. The same methods and techniques were 
applied, but they differ in terms of the number of input suitability map layers. Whereas in the first model only 
three input map layers were included soil, slope, and erosion as in previous studies, [9], [14]. In this model 
each LC is considered as a map layer by itself to give 14 input layers. 
 
  
 
 
 
Fig. 1. Structure of Model 1.     Fig. 2. Structure of Model 2 (proposed model). 
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2.6. Model outputs and validation 
The results from both models show the area covered by each land suitability class as a percentage (Table 3). 
These show that less than 1%, of the study area is classified as highly suitable withModel 2, but there is no 
location classified as such with Model 1. About 66% in total of study area is classified as marginally suitable-
S3 from the use the Model 1 classification, while from the use the model 2 classifications the most part 85% 
of the study area was mapped as moderately suitable-S2.On the contrary, about less than 1%, of the total 
study area was classified Not suitable-N by compared with 16% generated by Model 1. Using IDRISI Andes 
software, a CROSSTAB module was used to find out the agreement between the two land suitability maps, as 
cross-tabulation is a technique that displays the joint distribution of two or more variables [11]. The overall 
agreement is about 19%, with the highest value of 18% being obtained for the S2suitability class and 
onlyabout 0.59% and 0.13% agreement being obtained for suitability classes S3 and class N 
respectively(Fig 3 and Table 4). 
The results of both models were explored by comparing the suitability classesof the two models with field 
results. A survey was undertaken in the study region toidentify locations growing irrigated barley. Interviews 
with farmers were held which aimed to obtain barley production data. Most of the current land use in the 
study area is under rain-fed conditions. Thirty-one sites that cultivate irrigated barley were found in the study 
area during field work. The irrigated barley production per hectare in the study area ranged between about 5.2 
and 1.8 ton/ha.As the results obtained from both Models 1 and Model 2 in qualitative terms, i.e., S1, S2, S3 
and N, it is not possible to apply linear regression, but these suitability classescan be compared with the 
observed yield. According to sys a good commercial yield for irrigated barley between 3-4 ton/ha [16] .4 out 
of the 31 sites that recorded highest barley production between 5.2-3 ton/ha were located within the area that 
had been classified as S1 by model 2 while these sites located within area classified as S2 by model 1, in 
addition to that, 19 and 8 sites located within the area that recorded barley production less than 3 ton/ha were 
located in class S2 and S3 respectively). Whereas at the same area, 9 and 5 sites were classified as S2 and S3 
respectively by model 1 and the rest of sites were located within class S3 by model 1.Although, results 
obtained by model 2 are more accurate than model 1, but it should be noted that differences in land 
management practices, may lead to misleading results [3]. 
Table 3.The results of the Models 
Suitability class Model 1 Model 2 
S1 0% 0.17% 
S2 18% 85% 
S3 66% 14% 
NS 16% 0.13% 
Table4. The result ofcross-tabulation of two Models 
Model 2 Model 1 Area (ha) % 
N N 790.07 0.13% 
S3 N 81209.11 13.75% 
S2 N 13229.47 2.24% 
S3 S3 3479.67 0.59% 
S2 S3 384528.8 65.11% 
S2 S2 106676.3 18.06% 
S1 S2 672.4 0.11% 
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Fig. 3. Map resulted from cross-tabulationclassificationof two suitability maps. 
3. Conclusion 
The variation in the overall land suitability given by both two models was not causedonly bythe suitability 
values for each LC that were calculated by the limiting factor method, but also by the weighted values 
allocated to each LC. Moreover, the number of input layers has been shown toaffect the land suitability results. 
To emphasise this, the resultant land suitability map from Model2 shows there is more interaction between the 
suitability of LCs values their weights compared with Model 1 where the resultant land suitability map was 
calculated from three input layers. In addition, the resultant land suitability values derived by WOT are 
rounded to an integer, because the output raster should be discrete [10] this may lead to a loss of precisionand 
effect theoverall land suitability. This problem should be considered when using WOT in land suitability 
evaluation and addressed in further research. 
This paper has demonstrated that final land suitability can be obtained or reached by either more or less 
complex means within the WOT, (i.e. the number of input layers) and also by employing AHP in different 
ways or approaches. However, the accuracy of the results obtained by Model 2 (proposed model) is better 
than and more these produced by Model 1. 
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